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(57) ABSTRACT

There is provided a method for forming a conductor pattern
on a substrate in such a manner that the conductor pattern has
a lead portion extending in a longitudinal direction thereof, a
first conductor portion located at one end of the lead portion
and a second conductor portion located at the other end of the
lead portion, including a printing step of printing at least the
lead portion by ink-jet printing process, i.e., scanning a print
head while discharging liquid ink drops from nozzles of the
prink head, wherein the scanning of the print head is per-
formed in the longitudinal direction of the conductor pattern
during the printing step; and wherein the length of each of the
first and second conductor portions in a direction perpendicu-
lar to the longitudinal direction of the conductor pattern is
larger than the diameter of the ink drop.

7 Claims, 3 Drawing Sheets
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1
CONDUCTOR PATTERN FORMING
METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a method for forming a
conductor pattern.

There is conventionally known ink-jet printing process in
which a given ink pattern is printed on a print object such as
a print paper or a substrate by means of an ink-jet head and,
more specifically, by moving the print object in one direction
while moving the ink-jet head in a direction perpendicular to
the moving direction of the print object as disclosed in Japa-
nese Laid-Open Patent Publication No. 2006-35820. In this
printing process, the relative moving direction of the print
object and the ink-jet head, i.e., the actual direction of pattern
printing on the print object is always constant regardless of
the pattern orientation (horizontal orientation or vertical ori-
entation). Further, the ink-jet head is generally configured to,
while moving the print object on a stage, apply pressure
pulses to a molten ink and thereby discharge minute ink drops
from its nozzles (ink discharge holes) onto the print object
during the printing process as disclosed in Japanese Laid-
Open Patent Publication No. 2009-212249.

The above-mentioned ink-jet printing process can be
adopted as various printing techniques, including not only
plain-paper printing for printing an ordinary ink such as a
color ink on a plain paper sheet but also conductor pattern
printing for printing a conductor pattern on a circuit substrate.

SUMMARY OF THE INVENTION

In the ink-jet printing process, however, any one or some of
the nozzles of the ink-jet head may be clogged depending on
the state of the printing ink and the operating condition of the
ink-jet head. When the ink jet printing process is adopted as
the conductor pattern forming technique, there occurs a dete-
rioration in the connection reliability of the conductor pattern
or a breakage of the conductor pattern due to such nozzle
clogging.

It is therefore an object of the present invention to provide
a conductor pattern forming method by which a conductor
can be formed with high connection reliability. It is also an
object of the present invention to provide a gas sensor manu-
facturing method in which an electrode pattern of a gas sensor
element is formed by the above conductor pattern forming
method.

According to an aspect of the present invention, there is
provided a method for forming a conductor pattern on a
substrate, the conductor pattern having a lead portion extend-
ing in a longitudinal direction thereof; a first conductor por-
tion located at one end of the lead portion and a second
conductor portion located at the other end of the lead portion,
the method comprising: a printing step of printing at least the
lead portion by ink-jet printing process, the ink-jet process
including scanning a print head while discharging liquid ink
drops from nozzles of the prink head, wherein the scanning of
the print head is performed in the longitudinal direction of the
conductor pattern during the printing step; and wherein the
length of each of the first and second conductor portions in a
direction perpendicular to the longitudinal direction of the
conductor pattern is larger than the diameter of the ink drop.

According to another aspect of the present invention, there
is provided a gas sensor manufacturing method in which an
electrode pattern of a gas sensor element is formed by the
above conductor pattern forming method.
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The other objects and features of the present invention will
also become understood from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is aschematic view of a conductor forming device in
which the present invention can be embodied.

FIG. 2 is a schematic view showing a conductor pattern
forming method according to one embodiment of the present
invention.

FIG. 3 is a schematic view showing a conventional con-
ductor pattern forming method.

FIG. 4 is an exploded perspective view of a gas sensor in
which an electrode pattern is formed on a substrate by the
conductor pattern forming method of FIG. 2.

FIG. 5 is a plan view of a conductor pattern formed in
Examples and Comparative Examples.

DESCRIPTION OF THE EMBODIMENTS

The present invention will be described in detail below by
way of the following embodiment.

The following embodiment of the present invention refers
to a conductor pattern forming method for forming a conduc-
tor pattern on a substrate in such a manner that the conductor
pattern has alead portion extending in a longitudinal direction
thereof, a first conductor portion located at one end of the lead
portion and a second conductor portion located at the other
end of the lead portion. In the present embodiment, the con-
ductor pattern forming method includes a printing step of
printing at least the lead portion by ink-jet printing process,
i.e., by scanning a print head while discharging liquid ink
drops from nozzles of the print head, wherein the scanning of
the print head is performed in the longitudinal direction of the
conductor pattern; and wherein the length of each of the first
and second conductor portions in a direction perpendicular to
the longitudinal direction of the conductor pattern (hereinaf-
ter referred to as “the width of each of the first and second
conductor portions”™) is larger than the diameter of the ink
drop discharged from the nozzle of the print head.

The print head is scanned in the longitudinal direction of
the conductor pattern during at least the printing of the lead
portion, whereas the nozzles of the print head are generally
arranged in a direction intersecting (e.g. perpendicular to) the
scanning direction of the print head. Further, both of the first
and second conductor portions are larger than the ink drop
discharged from the print head nozzle. Even if one or some of
the print head nozzles are clogged, the lead portion can be
thus printed continuously with the ink drops discharged from
the unclogged print head nozzles so as notto cause a breakage
of'the lead portion in the longitudinal direction. It is accord-
ingly possible in the present embodiment to connect the first
and second conductor portions to each other assuredly by
such a continuous lead portion and improve the connection
reliability of the conductor pattern on the substrate. It is also
possible to shorten the printing time of the conductor pattern
and form the conductor pattern efficiently as the number of
scanning of the print head relative to the substrate in one
direction (main scanning direction) can be substantially
reduced in the present embodiment.

Herein, it is preferable that the length of the lead portion in
the direction perpendicular to the longitudinal direction of the
conductor pattern (hereinafter referred to as “the width of the
lead portion”™) is also larger than the diameter of the ink drop.
This makes it possible that, even if one or some of the print
head nozzles are clogged, the lead portion can be printed with
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the ink drops discharged from the unclogged print head
nozzles so as to secure assured connection of the first and
second conductor portions.

It is further preferable that the width of each of the first and
second conductor portions is larger than the width of the lead
portion in the direction. This leads to more assured connec-
tion of the first and second conductor portions as the lead
portion can be printed with the ink drops discharged from the
unclogged print head nozzles even if one or some of the print
head nozzles are clogged.

In the printing step, the relative position of the substrate
and the print head is changed in the longitudinal direction of
the conductor pattern so that the printing of the conductor
pattern (i.e. the scanning of the printing head) is performed in
the longitudinal direction of the conductor pattern. It is fea-
sible to change the relative position of the print head and the
substrate in the longitudinal direction of the conductor pattern
by moving the print head relative to the substrate in the
longitudinal direction or by moving the substrate relative to
the print head in the longitudinal direction. This makes it
possible to secure the flexibility of the printing step.

The conductor pattern forming method can suitably be
applied as a gas sensor manufacturing method so as to form an
electrode pattern on a solid electrolyte substrate for use in a
gas sensor element.

The thus-formed electrode pattern has an electrode lead
portion extending in a longitudinal direction thereof to define
an electric signal transmission path, an electrode portion
located at one end of the electrode lead portion and a conduc-
tor portion located at the other end of the electrode lead
portion. As mentioned above, the electrode lead portion is
printed by scanning the print head in the longitudinal direc-
tion of the electrode pattern; and the width of each of the
electrode portion and the conductor portion are larger than the
diameter of the ink drop discharged from the print head
nozzle. Even if one or some of the print head nozzles are
clogged, the electrode lead portion can be printed with the ink
drops discharged from the unclogged print head nozzles so as
not to cause a breakage of the electrode lead portion in the
longitudinal direction. It is thus possible to connect the elec-
trode portion and the conductor portion to each other by the
electrode lead portion and improve the connection reliability
of the electrode pattern. Even in this case, the width of the
electrode lead portion is also preferably larger than the diam-
eter of the ink drop discharged from the print head nozzle in
order to secure assured connection of the electrode portion
and the conductor portion. Further, the width of each of the
electrode portion and the conductor portion is preferably
large than or equal to the width of the electrode lead portion in
order to secure more assured connection of the electrode
portion and the conductor portion and thereby ensure
improvements in the connection reliability and productivity
of the gas sensor element.

The electrode pattern is applicable in various forms as long
as the electrode pattern is arranged on a surface of the solid
electrolyte substrate of the gas sensor. For example, the elec-
trode pattern can be used in such a manner that, when the gas
sensor element is provided with a plurality of solid electrolyte
substrates, the conductor portion is arranged on a surface of
the outermost solid electrolyte substrate so as to serve as an
electrode pad for connection to the electrode portion via the
electrode lead portion. The electrode pattern can also be used
in such a manner that the conductor portion is arranged in a
through hole of the solid electrolyte substrate so as to serve as
a through hole conductor for connection of an electrode pad
of the gas sensor element to the electrode lead portion.
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In the conductor pattern forming method, the ink-jet print-
ing process can be conducted by a printing device as shown in
FIG. 1. The printing device 1 is herein configured to form a
plurality of conductor patterns 7 on a substrate 3 by ink-jet
printing and is equipped with a base plate 2, a print head
(ink-jet head) 5, a stage 6, a head moving mechanism 8, a
stage moving mechanism 9 and a control unit 10. In the
present embodiment, the substrate 3 consists of a plurality of
rectangular substrate units (e.g. 48 substrate units) on which
the conductor patterns 7 are formed, respectively. These sub-
strate units are arranged in the same orientation. The substrate
3 is formed in one piece and finally divided into the separate
substrate units.

The print head 5 has a plurality of nozzles (e.g. 128
nozzles) and a piezoelectric element as a drive element so as
to discharge liquid drops of printing ink through the nozzles
by the application of pressure to the piezoelectric element.
The nozzles are arranged in parallel at a given pitch (e.g. 508
um) along a direction intersecting a main scanning direction
Y1-Y2 of the print head 5. Further, the print head 5 has the
head angle adjusting function to adjust the angle of the print
head 5 relative to the main scanning direction Y1-Y2 and
thereby change the dot pitch (resolution) of the conductor
pattern 7. (When the head angle adjusting function is not
actuated, the nozzles are aligned along a sub-scanning direc-
tion X1-X2 perpendicular to the main scanning direction
Y1-Y2)

There is no particular limitation on the printing ink. For
example, the printing ink can be prepared by mixing a con-
ductive material such as metal or metal oxide, a binder, a
dispersant etc. with a solvent such as butyl carbitol acetate.
Examples of the metal usable as the conductive material are
gold, silver, copper and platinum. Examples of the metal
oxide usable as the conductive material are zirconia and alu-
mina. The conductive material is not however limited to these
metals and metal oxides.

The head moving mechanism 8 includes a drive motor (as
apower source), a ball screw driven by the drive motor and an
arm 8a having a base end engaged with the ball screw and a
distal end supporting the print head 5 so as to move the print
head 5 in the main scanning direction Y1-Y?2.

The stage 6 supports thereon the substrate 3 in such a
manner that the longitudinal sides of the substrate units are
aligned in the main scanning direction Y1-Y2 of the print
head 5 (the longitudinal direction of the conductor pattern 7 to
be formed on the substrate 3 is in agreement with the main
scanning direction of the print head 5).

The stage moving mechanism 9 holds thereon the stage 6
and includes a drive motor (as a power source) and a ball
screw driven by the drive motor so as to move the stage 6 in
the sub-scanning direction X1-X2 with the substrate 3 sup-
ported on the stage 6.

The substrate 3 and the print head 5 are shifted in position
relative to each other in the longitudinal direction of the
conductor pattern 7 (the main scanning direction of the print
head 5) by the head moving mechanism 8 and the stage
moving mechanism 9.

The control unit 10 generates various control signals (volt-
age signals), including an actuation signal to enable the print
head 5 (the piezoelectric element) to discharge the conductor
printing ink through the nozzles, a drive signal to enable the
head moving mechanism 8 (the drive motor) to move the print
head 5 in the main scanning direction Y1-Y2 and a drive
signal to enable the stage moving mechanism 9 (the drive
motor) to move the stage 6 in the sub-scanning direction
X1-X2.
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The ink-jet printing is thus carried out by the print head 5,
the head moving mechanism 8 and the stage moving mecha-
nism 9 under the control signals from the control unit 10.

The conductor forming method of the present embodiment
will be explained in more detail below by taking, as one
example, the case where the conductor pattern 7 is printed by
the printing device 1, with the print head 5 inclined at an angle
0 relative to the main scanning direction Y1-Y2, in such a
manner that the conductor pattern 7 has a lead portion 7a
extending from one side to the other side thereof in its longi-
tudinal direction to define an electric signal transmission path
and first and second conductor portions 75 and 7¢ formed at
opposite ends of the lead portion 7a for signal input/output as
shown in F1G. 2. Herein, FIG. 2 is illustrated schematically by
reducing the number of nozzles in the print head 5 and by
simplifying the ink-jet printing process so as to complete the
printing of the conductor pattern 7 in one scanning operation
for the purposes of clarifying the technical features of the
conductor pattern forming method of the present embodi-
ment.

It is assumed that one of four print head nozzles 5a to 54 of
the print head 5, i.e., nozzle 5c¢ is clogged so that the liquid
printing ink is not discharged from the nozzle 5¢ and is
discharged only from the nozzles 5a, 56 and 5d.

In a conventional conductor pattern forming method, the
substrate 3 is set on the stage 6 in such a manner that the
longitudinal direction R of the conductor pattern 7 to be
formed on the substrate 3 is in agreement the sub-scanning
direction X1-X2 of the print head 5. The printing of the
conductor pattern 7 is thus performed in a direction F inter-
secting (perpendicular to) the longitudinal direction R of the
conductor pattern 7. As a result, some areas in which ink
drops cannot be printed due to the clogging of the nozzle 5¢
occur along the direction F perpendicular to the longitudinal
direction R ofthe conductor pattern 7 as shown in FIG. 3. This
causes a breakage of the lead portion 7a (signal transmission
path) of the conductor pattern 7. In order to avoid such a lead
breakage, it is necessary in the conventional conductor pat-
tern forming method to repeat a plurality of scanning opera-
tions by moving the print head 5 repeatedly (at a plurality of
times) in the direction F.

In the present embodiment, by contrast, the substrate 3 is
set in such a manner that the longitudinal direction R of
conductor pattern 7 to be formed on the substrate 3 is in
agreement with the main scanning direction Y1-Y2 of the
print head 5 as mentioned above. The printing of the conduc-
tor pattern 7 is thus performed in a direction E along the
longitudinal direction R of the conductor pattern 7 as shown
in FIG. 2. Even an area in which ink drops cannot be printed
due to the clogging of the nozzle 5¢ occurs in the direction E
along the longitudinal direction R of the conductor pattern 7,
the lead portion 7a (signal transmission path) can be printed
continuously with the ink drops discharged from the
unclogged nozzles 5a, 5b and 5c¢. It is thus possible to sub-
stantially prevent the occurrence of a breakage of the lead
portion 7a and improve the connection reliability of the con-
ductor pattern 7. It is also possible to shorten the printing time
of the conductor pattern 7 and form the conductor pattern 7
efficiently as the number of scanning of the print head 5
relative to the substrate 3 in one direction (main scanning
direction) can be reduced.

The thus-formed conductor pattern has a multitude of uses.

For example, the conductor pattern is applicable to a gas
sensor element 20 as shown in FIG. 4 and as mentioned
above. The gas sensor element 20 has a sensor body 22 and a
heater 21 laminated together.

The heater 21 includes a pair of first and second rectangular
substrate members 27 and 25 and a heating resistor 26.
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The first and second rectangular substrate members 27 and
25 are formed predominantly of a sintered ceramic material
such as aluminum oxide (alumina).

The heating resistor 26 is formed predominantly of plati-
num or tungsten etc. and is arranged between the first and
second substrate members 27 and 25. As shown in FIG. 4, the
heating resistor 26 has a winding-shaped heating portion 265
capable of generating heat upon energization thereof and a
pair of heater lead portions 26a connected at respective one
ends thereof to the heating portion 265 and extending along a
longitudinal direction of the substrate member 25, 27.

A pair of heater energization terminals 255 are arranged on
the second substrate member 25 and connected to external
terminals for connection to an external circuit. Further, two
through holes 254 are formed in the second substrate member
25 for connection of the other ends of the heater lead portions
26a to the heater energization elements 255, respectively.

On the other hand, the sensor body 22 includes an oxygen
concentration detection cell (cell layer) 24 and a protection
layer 35.

The oxygen concentration detection cell 24 has a rectan-
gular solid electrolyte substrate 33 and first and second elec-
trode patterns 32 and 34 arranged on opposite main surfaces
of the solid electrolyte substrate 33.

The solid electrolyte substrate 33 is of a solid electrolyte
material for an oxygen concentration cell. A through hole 3356
is formed in the solid electrolyte substrate 33.

In the present embodiment, each of the first and second
electrode patterns 32 and 34 is formed by the above-men-
tioned conductor pattern forming method.

More specifically, the first electrode pattern 32 has a first
electrode portion 325, a first electrode lead portion 32a¢ and a
first conductor portion; and the second electrode pattern 34
has a second electrode portion 345, a second electrode lead
portion 34a and a second conductor portion 34¢ as shown in
FIG. 4. The first and second electrode portions 326 and 345
face each other viathe solid electrolyte substrate 33 so that the
electrode portions 326 and 345 constitute a sensing section in
combination with the solid electrolyte substrate 33. The first
lead portion 32a extends between the first electrode portion
32b and the first conductor portion 32¢ in the longitudinal
direction of the first electrode pattern 32, whereas the second
electrode lead portion 34a extends between the second elec-
trode portion 345 and the second conductor portion 34¢ in the
longitudinal direction of the second electrode pattern 34.

The protection layer 35 is laminated on a surface of the
second electrode pattern 34 opposite to the solid electrolyte
substrate so as to sandwich the second electrode pattern 34
between the solid electrolyte substrate 33 and the protection
layer 35. As shown in FIG. 4, the protection layer 35 has a
porous electrode protection layer 355 for protecting the sec-
ond electrode portion 345 from poisoning and a reinforce-
ment protection layer 35a for protecting the solid electrolyte
substrate 33 in the present embodiment. Through holes 354
and 35e¢ are formed in the protection layer 35.

Further, signal output terminals 35/ are provided on the
protection layer 35. One of the signal output terminals 35fis
connected to the first conductor portion 32¢ of the first elec-
trode pattern 32 via the through hole 335 of the solid electro-
lyte substrate 33 and the through hole 354 of the protection
layer 35. The other of the signal output terminals 35 is con-
nected to the second conductor portion 34c¢ of the second
electrode pattern 34 via the through hole 35¢ of the protection
layer 35.

In the present embodiment, the electrode portion 324, 345
of the electrode pattern 32, 34 has a width of about 3.0 mm;
the electrode lead portion 32a, 34a of the electrode pattern 32,
34 has a length of about 30 mm and a width of about 0.5 mm;
and the conductor portion 32¢, 34¢ of the electrode pattern 32,
34 has a width of about 1.0 mm. Herein, the “length” refers to
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the length of the electrode lead portion 32a, 344, the electrode
portion 325, 345 or the conductor portion 32¢, 34¢ in the
longitudinal direction of the electrode pattern 32, 34; and the
“width” refers the length of the electrode lead portion 32a,
34a, the electrode portion 325, 345 or the conductor portion
32¢, 34c¢ in the direction perpendicular to the longitudinal
direction of the electrode pattern 32, 34. The diameter of the
ink drop discharged from the print head nozzle is about 100
um. Namely, the width of the electrode lead portion 324, 34a
is smaller than or equal to the width of the electrode portion
32b, 34b and the conductor portion 32¢, 34¢ and is larger than
the diameter of the ink drop.

The above-configured gas sensor element 20 is suitably
used in e.g. an air-fuel ratio sensor to detect the concentration
of oxygen by the concentration cell action of the oxygen
concentration detection cell 24.

Asthe electrode pattern 32, 34 of the gas sensor element 20
(oxygen concentration detection cell 24) are formed by the
above-mentioned conductor pattern forming method, the
electrode lead portion 32a, 344 can be printed continuously
with no breakage so as to ensure assured connection of the
electrode portion 3256, 345 and the conductor portion 32¢, 34¢
even when either one or some of the print head nozzles are
clogged. It is thus possible to improve the internal connection
reliability and productivity of the gas sensor element 20.

EXAMPLES

The present invention will be described in more detail
below by way of the following examples.

In each of Examples 1 and 2 and Comparative Examples 1
and 2, a conductor pattern 90 was formed by ink jet printing
on a substrate as shown in FIG. 5. Herein, the conductor
pattern 90 had six pattern lines arranged in parallel at a given
pitch P and each having a length L of 50 mm and a width W
of' 1 mm. The ink-jet printing was performed by means of the
printing device 1 of FIG. 1 where the print head (ink-jet head)
had 10 nozzles arranged at a pitch of 508 um. Further, there
was used a liquid printing ink containing 66 mass % of butyl
carbitol acetate as a solvent, 28 mass % of platinum as a metal,
4 mass % of zirconia as a metal oxide, 1 mass % of a binder
and 1 mass % of a dispersant etc.

In Examples 1 and 2, the ink-jet printing was performed in
adirection E along the longitudinal direction of the conductor
pattern 90 (7) as shown in FIG. 2. In Comparative Examples
1 and 2, the ink-jet printing was performed in a direction F
perpendicular to the longitudinal direction of the conductor
pattern 90 (7) as shown in FIG. 3. During the ink-jet printing,
the print head was inclined at an angle 0 relative to the main
scanning direction Y1-Y?2 so as to control the dot pitch (reso-
Iution) of the conductor pattern 90 to 100 um (254 dpi) in
Example 1 and Comparative 1 and to control the dot pitch
(resolution) of the conductor pattern 90 to 50 pm (508 dpi) in
Example 2 and Comparative Example 2.

The printing results are indicated in TABLE 1.
TABLE 1
Print head
Dot pitch scanning  Printing
Print head (Resolution) direction time

Example 1 Nozzle number: 100 pm Direction E 53 sec
10 (254 dpi)

Comparative Nozzle pitch: 100 pm Direction F 128 sec
Example 1 508 pm (254 dpi)

Example 2 50 pm Direction E 81 sec
(508 dpi)
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TABLE 1-continued
Print head
Dot pitch scanning  Printing
Print head (Resolution) direction time
Comparative 50 pm Direction F 249 sec
Example 2 (508 dpi)

Direction E: along the longitudinal direction of the conductor pattern
Direction F: perpendicular to the longitudinal direction of the conductor pattern

In Comparative Examples 1 and 2, the pattern printing was
performed in the direction F perpendicular to the longitudinal
direction of the conductor pattern 90. It was necessary in
Comparative Examples 1 and 2 to scan the print head over a
plurality of times in the direction F during the pattern print-
ing. In Examples 1 and 2, by contrast, the pattern printing was
performed in the direction E along the longitudinal direction
of'the conductor pattern 90. It was possible in Examples 1 and
2 to substantially reduce the number of scanning of the print
head in the direction E (main scanning direction) and shorten
the printing time of the conductor pattern 90. As a result, the
printing time of Examples 1 and 2 was shorter than that of
Comparative Example 1 and 2 (the printing time of Example
1, 2 was shorter than half of the printing time of the corre-
sponding Comparative Example 1, 2) as shown in TABLE 1.
Furthermore, there occurred no breakage of the conductor
pattern 90 in each of Examples 1 and 2.

The entire contents of Japanese Patent Application No.
2010-270895 (filed on Dec. 3, 2010) and No. 2011-224258
(filed on Oct. 11, 2011) are herein incorporated by reference.

Although the present invention has been described with
reference to the above specific embodiment of the invention,
the present invention is not limited to this exemplary embodi-
ment. Various modification and variation of the embodiment
described above will occur to those skilled in the art in light of
the above teachings.

The present invention can be used for various applications,
including not only the formation of an electrode pattern on a
cell substrate in a gas sensor element as mentioned above but
also the formation of a conductor pattern in a semiconductor
device.

There is no particular limitation on the shape of the con-
ductor portion of the conductor pattern formed by the con-
ductor pattern forming method according to the present
invention. Although the rectangular conductor portion 75, 7¢
is formed in the above embodiments, the conductor portion
can be formed in any other shape such as oval shape.

The scope of the invention is defined with reference to the
following claims.

What is claimed is:

1. A method for forming a conductor pattern on a substrate,
the conductor pattern having a lead portion extending in a
longitudinal direction thereof, a first conductor portion
located at one end of the lead portion and a second conductor
portion located at the other end of the lead portion, the method
comprising:

a printing step of printing at least the lead portion by ink-jet

printing process,

wherein the ink-jet printing process includes a scanning

operation of scanning a print head from the first conduc-
tor portion to the second conductor portion in the longi-
tudinal direction of the conductor pattern, with a plural-
ity of nozzles of the print head being arranged in a
direction intersecting the longitudinal direction of the
conductor pattern, while discharging liquid ink drops
from the respective nozzles of the print head, so as to
print at least the lead portion in one scanning operation;
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wherein a length of the lead portion in a direction perpen-
dicular to the longitudinal direction of the conductor
pattern is larger than a diameter of each of the liquid ink
drops;
wherein a plurality of the liquid ink drops are arranged in a
row in the direction perpendicular to the longitudinal
direction ofthe conductor pattern so that the lead portion
is formed by combining adjacent ones of a plurality of
the rows of the plurality of the liquid ink drops; and

wherein a length of each of the first and second conductor
portions in the direction perpendicular to the longitudi-
nal direction of the conductor pattern is larger than the
diameter of the liquid ink drops and the length of the lead
portion.

2. The method according to claim 1, wherein, in the print-
ing step, the print head is scanned by changing the relative
position of the print head and the substrate in the longitudinal
direction of the conductor pattern.

3. The method according to claim 1, further comprising: a
setting step of setting the substrate in such a manner that the
longitudinal direction of the conductor pattern to be formed
on the substrate is in agreement of the direction of scanning of
the print head.

4. The method according to claim 1, wherein the length of
each of the first and second conductor portions in the direction
perpendicular to the longitudinal direction of the conductor
pattern is larger than or equal to the length of the lead portion
in the direction perpendicular to the longitudinal direction of
the conductor pattern.

5. A method for manufacturing a gas sensor element, the
gas sensor element comprising a solid electrolyte substrate
and an electrode pattern formed on the solid electrolyte sub-
strate and having a lead portion extending in a longitudinal
direction thereof, an electrode portion located at one end of
the lead portion and a conductor portion located at the other
end of the lead portion, the method comprising:

20
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a printing step for printing at least the lead portion by
ink-jet printing process, the ink-jet printing process
includes a scanning operation of scanning a print head
from the electrode portion to the lead portion, or from
the lead portion to the electrode portion in the longitu-
dinal direction of the conductor pattern, with a plurality
of nozzles of the print head being arranged in a direction
intersecting the longitudinal direction of the conductor
pattern, while discharging liquid ink drops from the
respective nozzles of the print head, so as to print at least
the lead portion in one scanning operation;

wherein a length of the lead portion in a direction perpen-
dicular to the longitudinal direction of the conductor
pattern is larger than a diameter of each of the liquid ink
drops;

wherein a plurality of the liquid ink drops are arranged in a
row in the direction perpendicular to the longitudinal
direction ofthe conductor pattern so that the lead portion
is formed by combining adjacent ones of a plurality of
the rows of the plurality of the liquid ink drops; and

wherein a length of each of the electrode portion and the
conductor portion in the direction perpendicular to the
longitudinal direction of the electrode pattern is larger
than the diameter of the liquid ink drops and the length of
the lead portion.

6. The method according to claim 5, wherein the length of
each of the electrode portion and the conductor portion in the
direction perpendicular to the longitudinal direction of the
electrode pattern is larger than the length of the lead portion in
the direction perpendicular to the longitudinal direction of the
electrode pattern.

7. The method according to claim 5, wherein the conductor
portion serves as an electrode pad of the gas sensor element or
serves as a through hole conductor for connection of an elec-
trode pad of the gas sensor element to the lead portion.

#* #* #* #* #*



